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The relationship between tree diameter growth 
and climate for coniferous species in northern 
California 

Hui-Yi Yeh and Lee C. Wensel 

Abstract: The difference between actual and predicted growth rates for the conifer regions of northern California has 
been observed to vary with climatic changes. This study presents a method to investigate the relationship between 
growth and climate. Growth variations attributable to biological and cultural factors were removed by using the 
CACTOS (California conifer timber output simulator) program. The remaining variation was then associated with rela
tive precipitation and temperature for the projected period and the CACTOS calibration period. Climatic data from the 
current and preceding years were considered. Elevation, stand density,	 and species were also investigated to determine 
their effects on the format and magnitude of the relationship between	 growth and climate. The results of this study, 
which included tests of stem analysis data taken over IS years, indicate that growth variation is associated with the cli
matic changes of winter precipitation and summer temperatures for the region, in addition to biological and cultural 
factors. Winter precipitation and summer temperatures affect growth in the current and the subsequent years. Moreover, 
the relationship between climate and growth changes by densities and species. This study provides a basis for using 
short-term growth data to make long-term growth projections with growth adjusted to long-term climatic conditions. 

Resume: La difference entre les taux de croissance reel et anticipe varie selon les changements climatiques dans les 
regions de coniferes du nord de la Californie. Cet article presente une methode poUT etudier la relation entre la 
croissance et Ie climat. Les variations de croissance attribuables aux facteurs biologiques et culturaux ont ete eliminees 
a I'aide du programme CACTOS, un programme de simulation de la production de bois chez les coniferes de la 
Californie. La variation residuelle a ete associee a la temperature et a la precipitation relatives pour la peri ode visee 
par la simulation et la peri ode de calibration de CACTOS. Les donnees climatiques de l'annee en COUTSet des annees 
precedentes ont ete considerees. L'altitude, la densite du peuplement et I'espece ont egalement ete considerees pour 
determiner la forme et I'ampleur de la relation entre Ie climat et la croissance. Les resultats de cette etude, qui incluait 
des tests avec des donnees d'analyse de tige prises sur une peri ode de 15 ans, montrent que la variation de croissance 
est associee aux changements climatiques refletes dans la precipitation hivernale et les temperatures estivales de la 
region, en plus des facteurs biologiques et culturaux. La precipitation	 hivernale et les temperatures estivales affectent la 
croissance de l'annee en cours et des annees subsequentes. De plus, la relation entre Ie climat et la croissance change 
selon la densite et I'espece. Cette etude fournit les bases necessaires a I'utilisation de donnees de croissance a court 

terme pour faire des projections a long terme en ajustant la croissance aux conditions climatiques a long terme. 

[Traduit par la Redaction] 

Introduction	 ductive structures that are formed rapidly (Bradshaw 1965). 
Climatic factors, therefore, must be considered when pro-Climatic effects on trees and forests have been recognized 
jecting future growth in trees. 

by a number of researchers investigating the occurrence of 
species, distribution of plants, and the formation of struc- The ability to predict future growth patterns is essential to 

tural characteristics (formation of growth) (Fuller 1914; credible forest management planning (Davis and Johnson 

McLean 1917). Climatic variations are particularly impor- 1987; Barrett et al. 1994), and it is especially important in 

tant in the process of estimating tree height and diameter the process of permitting timber harvests where long-term 

growth, because characters like stem elongation, formed	 projection is required. The current practice has been to base 

over long time periods of meristematic activity, are more re- projections on biological or environmental variables, exclud

sponsive to climatic influences than characters like repro- ing climatic factors from consideration. Biological variables 
such as site-index, tree age, diameter at breast height (DBH), 

Received August 17, 1999. Accepted June 2, 2000. tree height (HT), and stand density have been used, and en
vironmental variables such as elevation, aspect, and slope

H.-Y. Yehl and L.C. Wensel. Department of Environmental have also been considered. Examples of biological and envi-
Science, Poiicy, and Management, 145 Mulford Hall, ronmental models include CACTOS (Wensel et al. 1986),
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STEMS (Belcher et al. 1982), PROGNOSIS (Stage 1973;e-mail: huiyi@nature.berkeley.edu and 
wensel@nature.berkeley.edu Wykoff et al. 1982), and ORGANON (Hann et al. 1995). 

The climatic information drawn from these models may not 
lCorresponding author. accurately reflect long-term climatic conditions, because 
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